activities during the period of recording and noted these activities in a diary. An Oxford medical systems analyser was used for analysis. All abnormalities were recorded, and routine printouts were obtained for 10 seconds every four hours even when no irregularity was noted. Any unsatisfactory tapes were discarded and rerecorded.
The use of 24 hour recordings of the electrocardiogram is now well established in the investigation of symptomatic individuals suspected of having a cardiac arrhythmia.1 2 In the paediatric age group many patients investigated in this way have no symptoms during the period of recording, but nevertheless a rhythm change is detected.2 To assess the importance of these changes a detailed knowledge of the range of rhythm abnormalities found in an unselected asymptomatic population is essential. The findings of studies of 24 hour rhythm patterns in neonates3 4 and young children56 have been reported, and differences from the patterns seen in an adult population78 have been noted. We report the 24 hour rhythm patterns of a group of healthy teenage boys.
Patients and methods
Recordings were made for two consecutive periods of 24 hours in 100 boys aged 14 to 16 years from two local schools. Each boy was questioned and examined by one of us (OS). None had a history of syncopal episodes, and no cardiac abnormality was detected in any boy. The technique of recording has been described. 5 The boys carried out their normal
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Accepted for publication 22 September 1983. activities during the period of recording and noted these activities in a diary. An Oxford medical systems analyser was used for analysis. All abnormalities were recorded, and routine printouts were obtained for 10 seconds every four hours even when no irregularity was noted. Any unsatisfactory tapes were discarded and rerecorded.
For each boy the following observations were made: (a) maximum and minimum heart rates while awake and asleep and the rhythm present at these extremes; (b) variations in PP interval whether phasic or sudden (in 25 Ventricular extrasystoles were present in 41 boys. In 34 boys, the premature beats were isolated, but one had periods of bigeminy, and in three two consecutive extrasystoles occurred between one and four times. Ventricular tachycardia, defined as three or more consecutive depolarisations originating from the ventricle at a rate greater than 120 a minute, occurred in three boys. All had isolated ventricular extrasystoles throughout the 24 hours with two having, in addition, one episode of three consecutive extrasystoles and one having six consecutive extrasystoles.
Ventricular extrasystoles were of uniform morphology in 31 boys and multiform in the remaining 10. The total number of extrasystoles varied from one to 28 000 in 24 hours; six had an average of more than one ventricular extrasystole an hour. In these six boys extrasystoles were absent at heart rates greater than 110 beats/min suggesting that they were suppressed by even mild exercise.
Supraventricular extrasystoles occurred in 44 boys and varied in number from one to 243 during the 24 hour period. Two consecutive supraventricular extrasystoles occurred at least once in two boys, but no episodes of supraventricular tachycardia were recorded.
Discussion
Previous reports of 24 hour electrocardiographic patterns in apparently normal neonates34 and children up to 13 8 This tendency for the prevalence of ventricular extrasystoles to increase with age continues through the adult age groups so that by 65 years of age they occur in 80% of the population. 12 The reasons for this remain uncertain. Neither coffee drinking nor cigarette smoking affected the prevalence of ventricular extrasystoles among the patients reported by Ekblom et al 13 while studies of the influence of coronary artery disease have yielded confficting results. '3 14 These reports are, however, largely concerned with extrasystoles induced by exercise, whereas in our patients the evidence from the observed heart rates and the boys' diaries suggested that they were suppressed by exercise. This finding agrees with those of previously reported studies in children. '5 The benign nature of ventricular extrasystoles of uniform morphology in children with normal hearts has been shown by Jacobsen et al who followed 17 children with extrasystoles on a standard resting electrocardiogram for a mean period of 7*2 years.'6 All remained asymptomatic, and in nine of the 17 extrasystoles were not present at the second examination, although the value of this latter observation on a standard resting electrocardiogram is limited. For multiform extrasystoles the position is less clear. As our present and previous studies5 show, they are not uncommon in childhood. Nevertheless, one of the four children with multiform ventricular extrasystoles reported by Jacobsen et al'6 died suddenly, and further information regarding the importance of this type of extrasystole in this age group is needed.
First degree atrioventricular block and Mobitz type I second degree block (Wenckebach) have been noted previously in both younger children56 and healthy young adults7 and are particularly common in trained athletes.'7 18 Schamroth has suggested'9 that atrioventricular block in athletes is a manifestation of increased vagal activity, and vagal stimulation has been shown to induce Mobitz type I atrioventricular block in some individuals. 20 All the boys in the present study took part in organised school games, and 17 undertook strenuous exercise out of school hours during the period of recording. Although we have no information about the degree of physical fitness of individual boys, the somewhat higher prevalence of first degree atrioventricular block and type I second degree block in these boys compared with that in 7 to 11 year old children6 might be accounted for by their participation in sports. However, in the absence of more detailed information on the degree of training of individuals such a conclusion remains speculative. The importance of these arrhythmias is difficult to assess. While it seems improbable that such common arrhythmias could be implicated in sudden unexpected death in athletic young men2l progression of type I second degree atrioventricular block to complete heart block requiring a pacemaker has been 182 reported,22 and this arrhythmia should not, therefore, be regarded as entirely benign. However, it is common, and in the absence of symptoms we would not regard it as an indication for further investigation, although long term follow up would be both prudent and of considerable interest. The preliminary report of Mehta and colleagues suggests that for most individuals with a structurally normal heart and Mobitz type I second degree atrioventricular block on the surface electrocardiogram the long term prognosis is good. 23 Studies that have shown that Mobitz type I second degree atrioventricular block can progress to complete atrioventricular block22 23 have been based on small numbers of patients whose arrhythmia was found on a standard resting electrocardiogram, and the long term implications of this finding in this selected group may be different from that in individuals having only occasional episodes during a 24 hour period. This progression may, however, account for those children who present with complete heart block well beyond the neonatal period. When complete heart block is first recognised at this age it is usually regarded as congenital,24 but it is certainly possible that such children had partial atrioventricular block earlier in infancy.
Mobitz type II second degree atrioventricular block was recorded on one occasion in one boy and has previously been recognised in other apparently healthy individuals. 8 18 As in these previously reported cases this boy also had numerous episodes of atrioventricular block, both first degree and second degree type I. Type II second degree block is not necessarily an ominous sign, but it is sufficiently uncommon to make its presence worrying, and the preliminary findings of Mehta et a123 suggest that most individuals with this type of arrhythmia will progress to third degree atrioventricular block or bradycardia with symptoms.
This study clearly shows that short pauses in sinus rhythm are common in boys of this age. Southall and colleagues found similar pauses occurring with even greater frequency in both neonates4 and younger children. 6 Dickinson, Scott precise diagnosis of this arrhythmia from the surface electrocardiogram impossible. The method of Schamroth and Dove9 may be helpful in distinguishing sinus arrhythmia from type I second degree sinoatrial block, but we were unable to find convincing evidence for this latter arrhythmia in the study group. This may have been because the number of sinus pauses seen in any individual in 24 hours was small. For these reasons some workers have preferred to describe PP interval changes rather than to attempt a precise diagnosis in each case. We have also adopted this method. The results show that, although short sinus pauses occur in a high proportion of individuals, they do not appear to occur as frequently as in neonates4 and younger children.6 CONCLUSION Most boys aged 14 to 16 years show variations from normal sinus rhythm. During sleep the sinus rate may fall as low as 30 beats/min, and during exercise heart rates of 200 beats/min may be reached. Escape beats or short periods of an escape rhythm probably originating in the atrioventricular junction are common, as are short sinus pauses. The mechanism responsible for these pauses is not clear, but we agree with Southall and colleagues6 that, within the limits described by those workers, they are likely to be benign. Ventricular extrasystoles, which are uncommon in healthy 7 to 11 year olds,6 become more common in adolescent boys, and by the age of 14 to 16 years they occur with a frequency similar to that in a young adult population. The clinical importance of these findings is clear. Many children present with symptoms that might be explained by a transient cardiac arrhythmia. Twenty four hour ambulatory monitoring of the electrocardiogram is a convenient means of evaluating these patients,2 but the results obtained should be interpreted in the knowledge of the range of rhythm changes that are seen in a normal population of similar age if unnecessary treatment of benign arrhythmias is to be avoided. Ideally, a precise correlation between symptoms and arrhythmia should be established before treatment is started. As Southall and colleagues6 have commented, similar caution should be exercised in the assessment of arrhythmias following cardiac surgery in children.
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